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Fractionation of β-Lactamase from  Bombyx  mor･j
INTRODUCTION
Yasuo Kato
To date,  I have researched lectin related proteins in the hemolymph of the domesticated
silkworm,  Bombyx  mo パin relation to the activation of the 召．観θパhumora 囗ectin  (Kato,
2006; Kato and Takeuchi, 2006).  In the previous work (Kato,  2007),  two spots obtained
bｙ two-dimensional polyacrylamide gel electrophoresis (2-D ＰＡＧＥ）ｏｎ lectin related
proteins from the larval hemolymph of the 召．踟θパwere ｅχcised from the gels and
subjected to in-gel tryptic digestion, matrix-assisted laser desorption/ionization-time of
flight mass spectrometry （ＭＡＬＤＩ-ＴＯＦ MS)  analysis,  and a SWISS-PROT protein
database search (Madi ｄ α/.,2003; Zhang et  al., 2005). The results identified one of spots
obtained by 2- Ｄ PAGE as β-lactamase  (EC3.5.2.6).  I was able to obtain these very
interesting results taking into consideration the defense mechanism ｏｆ 召. mori,  because
β-lactamase is known as a hydrolase which reduces anti-bacterial characteristics by
cleaving to the β-lactam ring of the lactam medicine like penici Ⅲn  (Lee,  1987; Sawai ｄ
αL, 1995).  Accordingly,  I confirmed the existence of β-lactamase in the hemolymph ｏｆ召．
踟θパby an assay of β-lactamase activity,  and guessed that β-lactamase should be
necessary during the metamorphosis of 召mori  (Kato,  2008).
The aim of the present study was to fractionate β-lactamase in the hemolymph and
fat body from 召.・ ａ・j by means of gel filtration or Mono Ｑ ion chromatography.  This
investigation provided useful information for the understanding of the defense system of 召．
ﾀﾀtori in VIVO.
MATERIALS and METHODS
(1) Preparation of samples
A hybrid race, Shunrei  x  Shougetu,  of the domesticated silkworm, 召θmbyx  mo パ, was
used  In preparing the samples for this research, hemolymph and fat body were collected.
The hemolymph was collected by cutting the pleopods and abdomina 囗egs of the larvae,
and by cutting the pupae.  After centrifuging them at 2,260  x  g  at 4℃for 15 min to
remove the hemocytes, the resulting supernatant was lyophilized. The fat body was
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collected from the dissected larvae and pupae, washed carefully in a cold 0.7%  NaCl
solution to remove the hemocytes and homogenized in ａ glass homogenizer with ａ Teflon
pestle. After centrifuging them at 2,260  x  g  at 4°C for 15 min, the supernatant was
lyophilized.
(2)  Gel filtration
Gel filtration was performed using ａ Superdex 200 column (2.6 ×60 cm. Amershan
Pharmacia Biotech Ltd.)  equilibrated with 0. １ Ｍ Tris-HCl buffer （ｐＨ 8.0) containing ０.１
Ｍ NaCl, at ａ constant flow rate of 150 ml/hr. The effluent was collected in 5 ml fractions
and measured at 280 nm with a Shimadzu spectrophotometer type uv 1200.
（3 ）ＦＰＬＣ Mono Ｑ ion exchange chromatography
Ion exchange chromatography was performed using ａ column of Mono Ｑ HR 5/50 GL （5
×50 mm, Amershan Pharmacia Biotech Ltd.)  previously equilibrated with 0.05 M Tris-
HCl buffer （ｐＨ 8.0). Elution was performed with ａ linear gradient of O t0 0.５ Ｍ ＮａＣ囗n
0.05 M Tris-HCl buffer （ｐＨ 8.0) and the flow rate was 1. ０ ml per minute. Column eluates
were collected in l ml fractions and measured at 280 nm with the Shimadzu
spectrophotometer UV-1200.
(4) Assay of β-lactamase activity
The activity of β-lactamase was assayed according to the method of Sargent (1968)  as
well as Sawai and T  akahashi (1978),  with slight modifications.  A reaction mixture was
prepared containing enzyme in ２.5 m1 0f 0. １ Ｍ phosphate buffer （ｐＨ 7.0).  After
equilibration at 30 °C for 5 min, Penicillin Ｇ Potassium Salt (Nakalai Tesque Inc. 囗n  0.5 ml
0f the phosphate buffer was added. The reaction was stopped after incubation at 30 °C for
10 min, by adding 5 m1 0f iodine reagent with rapid mi χing. Iodine reagent was prepared
by adding 5 m1 0f stock iodine solution t0 95 m1 0f pH 4. ０ acetate buffer （80 g of
anhydrous sodium acetate adjusted to pH ４.0 with acetic acid and made up t0 2 liters with
distilled water). Stock iodine solution was prepared by dissolving 20.3 g of iodine and 100
g of KI in 500 m1 0f distilled water.  After leaving at room temperature for 10 min, the
mi χture was measured for the iodine reagent by monitoring the absorbance at 540 nm
with the Shimadzu spectrophotometer type uv 1200.
RESULTS and DISCUSSION
Initially, gel filtration of the larval hemolymph （100 mg of lyophilizate)  of 召ontbyx  mot･j
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on day 10 1n the fifth instar was performed. because β-lactamase activity could be
recognized as described in my earlier report (Kato,  2008).  The Superde χ 200 column was
equilibrated with 0. １ Ｍ Tris-HCl buffer containing ０.１ Ｍ NaCl （ｐＨ 8.0) and eluted with
the same buffer at ａ constant flow rate of 150 ml/h.  The effluent was collected in 5 ml
fractions and measured at 280 nm with the Shimadzu spectrophotometer type uv 1200.
As shown in Fig. 1,  gel filtration exhibited three major fractions, called Fraction　 ｌ ，
Fraction n and Fraction Ⅲin addition to the passed-through fractions (tubes 24-25)  as
described in my previous report (Kato,  2007).  Each fraction was separately pooled,
dialyzed and lyophilized｡
Figure 2 illustrates the result of the research of the activity of β-lactamase in the
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Fig.  1　Gel filtration of the larval hemolymph ｏｆ召mori  on day 10
1n the fifth instar.
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Fig. ２ Activity of β-lactamase in the fractions obtained by gel
filtration from the hemolymph.
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fractions obtained by gel filtration of the hemolymph on day 10 as shown in Fig. 1. The
activity of each fraction （10 mg of lyophilizate) was assayed with Penicillin Ｇ Potassium
Salt as the substrate, according to the procedure described in “MATERIALS and
ＭＥＴＨＯＤＳ”. In this case, it was confirmed that the optical density was inversely
proportional to the density of β-lactamase as described in my former report (Kato,
2008). Namely, β-lactamase activity is higher. absorbance of ５４０ nm is less. Therefore,
among these fractions, Fraction n contained the β-lactamase activity most abundantly
as shown in Fig. 2.
１ｎ order to elucidate the physiological meaning, l inspected the time-dependent change
ｏｆβ-lactamase activity in the fat body during the fifth instar of召tnori.  The result is
shown in Table 1.  In Table 1,  non-treated reaction ｍｉχture with the fat body was used
as ａ “control”. Hardly any activity could be recognized on day 6,  on day 8 (mature
period) and on day 10 (spinning stage) in the fifth instar, but activity could be recognized
on day 13 (pupation period)  and on day 17 (pupation period).  This fact seemed to
suggest that the ｅχistence of β-lactamase  was necessary for the living body of 召．規θパ
during metamorphosis.
Table 1　β-Lactamase activity in the fat body during fifth
instar of召．垪θパ
Days Absorbance
Contro1* 0.615
３ 0.459
６ 0.553
８ 0.528
10 0.53
13 0.4
17 0.415
* Non-treated reaction mixture with the fat body was used
as "control".
Ｎｅχt, gel filtration of the fat body of 召． 規θパon day 13 1n the fifth instar was
performed,  because β-lactamase activity could be recognized, as shown in Table 1.  As
shown in Fig. 3,  four significant fractions, Fraction　I,  Fraction II,  Fraction ｍ and
Fraction IV were obtained by gel filtration in addition to the passed-through fractions
(tubes 23-24).  Each fraction was separately pooled. dialyzed and lyophilized.
Figure ４ depicts the result of the research of the activity of β-lactamase in the
fractions from the fat body of 召．規θパon day 13 1n the fifth instar obtained by gel
filtration. The activity of each fraction （10 mg of lyophilizate)  was assayed with Penici Ⅲｎ
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Fig.  3 Elution pattern of gel filtration of the fat body of  B. m θri on
day 13 1n the fifth instar.
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Fig. ４ Activity of β-lactamase in the fractions obtained by gel
filtration from the fat body.
G Potassium Salt as the substrate. The result showed that higher fraction of β-lactamase
activity did not be become clear.
Figure 5 shows the result of Mono Ｑ ion exchange chromatography on the larval
hemolymph of  B. mori  on day 10 1n the fifth instar by means of FPLC system.  The
hemolymph sample （10 mg of lyophilizate)  was applied on to the column of Mono Ｑ HR
5/50 GL previously equilibrated with 0.05 M Tris-HCl buffer （ｐＨ 8.0).  Elution was
performed with ａ linear gradient of O t0 0. ５ Ｍ ＮａＣ囗n 0.05 M Tris-HCl buffer （ｐＨ ８.0）.
The chromatogram revealed four peaks, called Peak ｌ ， Peak II, Peak ｍ and Peak IV, at
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Fig. ５ Mono Ｑ ion exchange chromatography of the larval
hemolymph ｏｆ召. mori  on day 10 1n the fifth instar.
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Fig. 6 Activity of β-lactamase in the fractions obtained by Mono
Ｑ ion exchange chromatography from the hemolymph.
various salt concentrations as shown ｉｎ Fig. 5･
Figure 6 illustrates the result of the research of the activity of β-lactamase in the
peaks obtained by Mono Ｑ ion exchange chromatography from the hemolymph. The
activity of each peak (0.5 ml of solution) was assayed with Penici Ⅲｎ Ｇ Potassium Salt as
the substrate. The activity was highest on the peak (Peak IV)  at the salt concentration
of 0.25 M.
Figure 7 shows the result of Mono Ｑ ion exchange chromatography of the fat body of  B.
ﾀﾀx鬲 ｏｎ day 13 1n the 肚h instar.  The fat body sample （100 mg of lyophilizate) was
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Fig. 7 Elution pattern of Mono Ｑ ion exchange chromatography of
the fat body of B. mori  on day 13 1n the fifth instar.
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Fig. ８ Activity of β-lactamase in the fractions obtained by Mono
Ｑ ion exchange chromatography from the fat body.
applied on to the column of Mono Ｑ HR 5/50 GL previously equilibrated with 0.05  M
Tris-HCl buffer （ｐＨ 8.0). Elution was performed with ａ linear gradient of O t0 0.5 M
ＮａＣ囗n  0.05 M Tris-HCl buffer （ｐＨ 8.0). Four significant peaks, Peak I,  Peak II, Peak
ｍ and Peak IV, were obtained at various salt concentrations, as shown in Fig. 7.
Figure 8 illustrates the result of the research of the activity of β-lactamase in the
peaks obtained by Mono Ｑ ion exchange chromatography from the fat body. The activity
of each peak (0.5 ml of solution)  was assayed with Penicillin Ｇ Potassium Salt as the
substrate. The result showed that higher peaks of β-lactamase activity did not be
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Fig.  9 Mono Ｑ ion exchange chromatography on standard
β-lactamase from Bacillus cereus 569/H9.
become clear.
On the other hand, Fig. 9 shows the result of Mono Ｑ ion exchange chromatography on
standard β-lactamase from Bacillus cereus 569/H9  (Nakalai Tesque ｌｎｃよ　The
chromatogram revealed several peaks at various salt concentrations as shown in Fig. 9.
However,  it did not reveal ａ peak at the salt concentration of 0.25 M. Namely,  it seems
that a different elution pattern was obtained from the elution patterns of the hemolymph
and fat body in Fig. ５ and Fig. 7. Moreover, β-lactamase activity was high on every
peak in Fig. 9 as ａ matter of course.
In conclusion, these results described above suggest that β-lactamase from the
hemolymph ｏｆ召．垪θパwere able to fractionate by means of gel filtration or FPLC Mono
Ｑ ion chromatography.  On the other hand, the higher fraction of β-lactamase activity
from the fat body of 召．，刀ａパdid not become clear by gel filtrarion or FPLC Mono Ｑ ion
chromatography.  Accordingly,  I will determine the various properties of fractionated
β-lactamase and ａ comparative study will be performed with known microbial
β-lactamase in the future.
SUMMARY
l examined the fractionation β-lactamase in the hemolymph and fat body from 召ａｓ祕『
ﾀﾀtori by means of gel filtration or FPLC Mono Ｑ ion chromatography. The result showed
that Fraction Ｈ contained the most abundant β-lactamase activity,  among the gel
filtration fractions (Fr I , Fr  II , Fr  IE ) from hemolympL  Moreover,  the β-lactamase
－20 －
activity was highest for the peak corresponding to the salt concentration of 0.25 M， among
Mono Ｑ ion chromatography peaks from the hemolymph.  They suggest that
β-lactamase from the hemolymph ｏｆ召．観θパwere able to fractionate by means of gel
filtration or FPLC Mono Ｑ ion chromatography. ０ｎ the other hand, the higher fraction or
peak of β-lactamase activity from the fat body of 召．ｓａパdid not become clear by gel
filtrarion or Mono Ｑ ion chrom  atogr aphy.
This research was partly supported by ａ grant from Tezukayama Gakuen.
REFERENCES
Kato, Yバ2006 ）Ａｎ Approach for Proteomic Analysis of 召り7ガ舩r Humoral Lectin Related
Proteins using T  wcr Dim e nsion al Gel Electrophoresis. J. of  Conter刀鈿八zび7 石田回 £碎
＆j四ぼ, Tezukayamc バフniversity 2, 1-9.
Kato, Y バ2007)  Mass Spectromeric Analysis of 召り7刀豚r7 刀りパHumoral Lectin Related
Proteins./- ofConter刀加八zび 耳zx7がan Life Scien仙 乃ｚ融砂ama  University 3, 1-10.
Kato,  Y.  (2008)  A Study on β-lactamase in Hemolymph ｏｆ召り7刀byx r刀りパ･ /･ of
Contempora び 耳uman  Life Scienぼ, Tezukay α垪とバフ房雄zrsity 4, 1-9.
Kato, Y. and Takeuchi, T.  (2006): か Ｆ汾り Effect of Two Glycosidase Activities on
Humoral Lectin Activity in 召り7刀byx Mo パ.ｊ かsect Biotechnol. Seパcol. 75, 153-159.
Madi,  A., Mikkat,  S｡Ringel,  B., Ulbrich, M｡Thiesen,  H. and Glocker, Ｍバ2003)  Mass
spectrometric proteome analysis for profiling temperature-dependent change of protein
expression in wild-type Caenorhabditis elり隰心. Proteomics, 3, 1526-1534.
Lee Ｍ. Ｚ.Ｐバ1987)  Preparation and characterization of Immobilized β-lactamase for
destruction of penicillin in milk./- DaiびScL  70, 2032-2039.
Sargent  M.  G. (1968)  Rapid Fixes-Time Assay for Penicillinase.  /. 召αｄにパol
 
 95,
1493-1494.
Sawai,  T., Nukaga,  M.  and Haruta, S バ1995) β-Lactamase and its Molecular Evolution.
PROT. だ7yVバVUCLE. 瓦ﾌACID  AΛのENZY; 肥E  40, 1887-1899.
Sawai,  T. and T  akahashi, I. (1978) Assay methods for β-lactamase activity and their
application. PROTEIN バＶびCLEICﾌACID  AΛのENZY; 肥E  23, 391-400.
Zhang,  P., Yamamoto,  K., Aso, Y., Banno,  Y., Sakano,  D., Wang,  Y. and Fujii, Ｈバ2005)
Proteomic Studies of  Isoforms of the Ｐ２５ Component of 召ombyx  mo パFibroin. Biosci.
Biotechnol. Biochem69  (11), 2086-2093.
21
